ABSTRACT The thyroid hormone receptor from rat liver nuclei has been covalently labeled with the N-bromoacetyl derivatives of l-thyroxine (T4) and 3,3',54riiodo-Lthyronine (T3).
inactivation of the receptor (550C for 15 min) resulted in parallel losses in the binding of T3 (95%) and N-bromoacetyl-T3 (93%). These results indicated that T3 and T4 and their bromoacetyl derivatives compete for the same binding site. The nuclear receptor showed identical behavior in high-pressure liquid chromatography (HPLC) whether bound to T3 or T4 or covalently labeled with their bromoacetyl derivatives. HPLC provided a single-step 100-fold purification of the nuclear receptor. NaDodSO4 gel electrophoresis of the nuclear receptor labeled with N-bromoacetyl derivatives of [125IJT3 or [125J1I4 showed one major radioactive component with a molecular weight of 56,000. Furthermore, in the absence of denaturant, the nuclear receptor either bound to [125IJ13 or covalently labeled with N-bromoacetyl4"25IJIU showed identical mobility. These results suggested that the nuclear receptor is a single polypeptide chain and binds either T3 or T4. Nuclear receptors covalently linked with Nbromoacetyl derivatives of [11JT3 or [125IWT4 may be useful as a marker for the preparative purification of receptor.
Thyroid hormones play a fundamental role in regulating tissue differentiation and development and in influencing numerous metabolic processes (1) . Recently, several specific mRNAs have been shown to be under thyroid hormone control (2) (3) (4) . A large body of evidence suggests that the initiation of thyroid hormone action is through the interaction of 3,3',5-triiodo-L-thyronine (T3) with nonhistone proteins in the chromatin (5) . These receptors can be solubilized from nuclei of target tissues (6) (7) and have binding characteristics similar to those found in intact nuclei.
In order to characterize the thyroid hormone receptor, to understand the nature of its interaction with thyroid hormones and to study its functions, receptor in a reasonable quantity and purity is required. However, it has been reported that manipulations such as heating, pH changes, dilution, and partial purifications result in loss of T3 binding activity (7) (8) (9) . Therefore, it became apparent that, if the receptor covalently labeled with radioactive thyroid hormone could be prepared, it would serve as a marker to follow preparative purification, and more intensive studies would no longer be limited to conditions consistent with normal, reversible, hormone-binding activity. In the present communication, we report the affinity labeling of rat liver thyroid hormone nuclear receptor with '25I-labeled N-bromoacetyl-T3 (BrAcTS) and N-bromoacetylthyroxine (BrAcT4). Polyacrylamide Gel Electrophoresis. NaDodSO4 gel electrophoresis was performed according to the method of Laemmli (12) . Gel electrophoresis of native proteins was by method of Laemmli but without NaDodSO4, and the running buffer system contained 0.02 M 2-mercaptoethanol. For 7.5% analytical gel electrophoresis, the incubation mixture of [125I]T3 and nuclear protein was directly applied to the gel. Nuclear extracts labeled with BrAc[125I]T3 were used after purification by HPLC followed by dialysis and lyophilization. NaDodSO4 (0.1%) was required to solubilize the proteins. The gel electrophoresis was performed at a constant potential of 100 mV for 60 min and increased to 140 mV for 240 min at 50C. Bovine serum albumin (Mr, 68,000; isoelectric point, 4.6) was used as a marker protein.
To locate the labeled nuclear receptor, the slab gel strips were sliced into 2-mm slices and the radioactivity was quantitated in a Beckman Gamma 9000 spectrometer. For NaDodSO4 slab gel electrophoresis, 10% gel was used. The nuclear extracts covalently labeled with BrAc[125I]T3 or -T4 were treated as described above. They were further boiled in 1% NaDodSO4/10 mM 2-mercaptoethanol for 1 min. The reduced products were applied to the gel. Gel strips were cut and the radioactivity was measured in the same manner as described for the native gels. Methylated phosphorylase b (Mr, 92,500), bovine serum albumin (Mr, 68,000), ovalbumin (Mr, 43,000), carbonic anhydrase (Mr, 30,000), and cytochrome c (Mr, 12,300) were used as marker proteins.
RESULTS AND DISCUSSION High-affinity, low-capacity binding sites in nuclei are measured by binding assays that are elaborate and time-consuming. Therefore, a receptor covalently labeled with derivatives of T3 and T4 would be useful. We approached this problem by using BrAc derivatives of T3 and T4. The specificity of these derivatives was established by competitive and heat-inactivation studies using HPLC (7, 13) .
(ii) The nuclear extract was preincubated with 100 nM BrAcT3 at 5YC for 18 hr. The free BrAcT3 was removed by chromatography on Sephadex G-25 and the eluted nuclear extract was incubated with 0. 5 High-Pressure Liquid Chromatography. Further evidence that the protein that binds T3 or T4 is the same as that labeled with radioactive BrAcT3 or BrAcT4 was provided by HPLC: they showed identical elution profiles. This method also allowed a rapid and efficient separation of labeled nuclear receptor protein from other contaminating proteins, achieving a 100-fold purification. The products of incubations were directly applied to the column. The results of the binding experiments are illustrated in Fig. 1 (Fig. 3B ) with the nuclear receptor resulted in the covalent labeling of one major protein. The molecular weight of this protein was 56,000, which is consistent with that observed by HPLC with prealbumin as.a marker and is in a good agreement with that determined by gel filtration as reported by others (7, 15 
